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Abstract 
Purple sweet potato tubers found in Bali are rich in anthocyanins and has been studied as an antioxidant in 
experimental animals. Aqueous extract of purple sweet potato tubers has been shown to lower blood pressure 
through increased expression of endothelial nitric oxide synthase (eNOS) in hypertensive rats. Research on the 
antihypertensive and antioxidative effects of aqueous extract of purple sweet potato tubers in hypertensive 
patients has not been done. The purpose of this study was to prove that the aqueous extract of purple sweet 
potato tubers could lower blood pressure and prevent oxidative stress in hypertensive patients especially in the 
elderly ones. This study was a limited clinical trial with one group pre- and post-test design, involving the 
elderly population in Nyuhkuning Village, Mas, Ubud, Bali as subjects of study. Seventeen subjects were 
included in this study with baseline characteristics such as 60-69 years of age, blood pressure above 140/95 
mmHg, and does not suffer from certain diseases. After being given aqueous extract of purple sweet potato for 
one month, they showed a decrease in systolic and diastolic blood pressure significantly (p < 0.05), a decrease in 
MDA level accompanied by an increase in blood superoxide dismutase (SOD) level significantly (p < 0.05). 
From these results, it can be concluded that the aqueous extract of purple sweet potato tuber can lower blood 
pressure and prevent oxidative stress in hypertensive elderly patient. 
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1. Introduction 
Cardiovascular disease is the main cause of disability that strikes the elderly in Indonesia. Hypertension is one of 
the important cardiovascular diseases because it requires life-long treatment, due to its easiness to cause various 
complications in the elderly. Hypertension is usually accompanied by oxidative stress that will aggravate 
endothelial dysfunction and facilitate the occurrence of complications of hypertension (Touyz, 2004; Edwards et 
al., 2007; Cavanagh et al., 2010). Giving antioxidants could be expected to prevent endothelial dysfunction in 
patients with hypertension (Cavanagh et al., 2010). 
Animal studies proved that flavonoids from various plants could alleviate oxidative stress. 
Epidemiological data also proved that eating fruits and vegetables containing flavonoids regularly can reduce 
cardiovascular disease, through their antioxidative effects (Knekt, 2002). Flavonoids from various plants can 
improve the function of vascular endothelium (Engler , 2004), through increased bioavailability of nitric oxide 
(NO), which can lower blood pressure (Erdman, 2007; Han, 2007; Cavanagh et al., 2010). Anthocyanin 
pigments is one of many types of flavonoid, and have been shown to lower blood pressure (Middleton, 2000; 
Lila, 2004; Shindo, 2007). 
Purple sweet potato tubers in Bali contain high amount of anthocyanins (Suprapta, 2004), and has been 
shown to overcome oxidative stress in vitro (Padda, 2006; Lachman et al., 2009; Jiao et al., 2012) and in vivo 
(Kano et al., 2005; Jawi et al., 2008; Garcia-Alonso et al., 2009). Aqueous extract of purple sweet potato tuber 
could lower blood pressure in hypertensive rats (Jawi et al., 2012). The study examining the effects of 
antioxidants from purple sweet potato in humans, especially in hypertensive patients, has not been done. This 
study was a limited clinical trial to prove the blood pressure-lowering effect of aqueous extract of purple sweet 
potato in elderly who suffer from mild to moderate hypertension. 
 
2.Materials and Methods 
Treatment with  extract 
This study was a limited clinical trials with one group pre- and post-test design, involving the elderly population 
of 88 individuals in Nyuhkuning village, Mas, Ubud, Bali, Indonesia. Subjects that meet the inclusion criteria 
(60-75 years old, moderate hypertension, similar socio-economic class, does not suffer from certain diseases, and 
are willing to be involved in the study) were 17 individuals. All of them were given aqueous extract of purple 
sweet potato tuber at the daily dose of 3 x 60 mL for 4 weeks. 
These patients were diagnosed, treated, and followed-up in a private outpatient clinic owned by a general 
physician at Nyuhkuning. Criteria for exclusion were a history of severe renal or liver dysfunction, malignancy, 
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diabetes, smoking, and the use of antioxidant or multivitamin supplements. This study was approved by the 
ethics committee of the Medical Research Institute of Medical Faculty, Udayana University, with the approval 
number of 141/U.N.14.2/litbang/2014. Written informed consent was obtained from each participant, before 
enrollment in this study. The blood pressure of all patients were evaluated every week during the study. 
Biochemical Assays 
At the beginning and after one month of the study, blood samples of all of the patients were taken for the 
examination of lipid peroxidation, that was measured using thiobarbituric acid reactive substances (TBARS) 
method and calculated as malondialdehyde (MDA) level as a biomarker of oxidative stress. The level of 
superoxide dismutase (SOD) in the blood was examined using commercially available kit (Cayman, Ann Arbor, 
MI, USA). 
Statistical Analysis 
All data have been presented as mean + SD. Paired t-test was used to assess the effect of therapies used at 
the beginning of the study and one month after treatment. Differences were considered significant at p < 0.05. 
All statistical analysis were performed using SPSS statistical software version 10. 
 
3.Results 
Blood pressure 
All of the patients were given aqueous extract of purple sweet potato tuber at a dose of 3 x 60 ml everyday for 4 
weeks. The results showed a decrease in systolic (from 165 ± 19.2 mmHg to 140 ± 13.9 mmHg) and diastolic 
(from 92 ± 10.4 to 80 ± 6.34 mmHg) blood pressure. The decrease was significant as tested using t-test (p < 
0.05). The comparison of mean systolic and diastolic blood pressure for one month of study is presented in 
Figure 1. 
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Figure 1 
Comparison of means of systolic and diastolic blood pressure for a month of study 
Blood levels of SOD and MDA 
Results of blood level of MDA and SOD for hypertensive patients conducted prior to and after the administration 
of aqueous extract of purple sweet potato tuber for 4 weeks are presented in Table 1 and Figure 2. There were 
significant increase of blood SOD levels and decrease of blood MDA levels after one month of treament with 
aqueous extract of purple sweet potato tuber at the daily dose of 3 x 60 mL orally. 
 
 Table 1 . Level of SOD and MDA in the vlood of  hypertensive patients treated with 
         aqueous extract of purple sweet potato 
Examine SOD±SD (U/gHb)   MDA±SD      (mmol/l) 
Baseline ** 435.34 ±59.57a* 5.58 ±1.46a* 
After 4 weeks*** 540.72 ± 58.18b 4.38 ± 1.39b 
   *Means followed by different letters (superscript letters) in the same column was 
     significantly different (p<0.05). 
   ** The result of hypertensive blood tests before being given a aqueous extract of purple  
     sweet potato tuber. 
   *** After 4 Weeks is the result hypertensive patients blood test after administration of 
       aqueous extract of purple sweet potato tuber 3 x 60 mL, everyday for 4 weeks. 
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Figure 2 
Comparison of blood SOD (left) and MDA (right) level of hypertensive patients prior to and after treated with 
purple sweet potato aqueous extract for a month. 
 
4. Discussion 
Blood pressure 
This study showed significant decrease in systolic and diastolic blood pressure (p < 0.05 ) of hypertensive 
patients given aqueous extract of  purple sweet potato tuber with the daily dose of 3 x 60 mL for one month. The 
high anthocyanins, a group of antioxidants, content of aqueous extract of purple sweet potato tubers (Suprapta, 
2004), can reduce oxidative stress. Oxidative stress will cause a decrease in NO as a powerful vasodilator, 
subsequently causing vasoconstriction which will cause an increase in blood pressure. Anthocyanins found in 
plants can also regulate various signaling in blood vessels, thus preventing various cardiovascular disorders, 
including hypertension (Wallace, 2011).  
Increased blood pressure is a pathological condition that would cause an increase in free radical 
formation in the blood vessels. Research has shown that in hypertensive patients increased formation of 
superoxide ions and hydrogen peroxide, accompanied by a decrease in the synthesis of nitric oxide (NO) as well 
as a decrease in antioxidant bioavailability, resulting in impaired function of various cells that will lead to 
multiple organ complications of hypertension (Touyz, 2004). Sources of free radical in hypertensive patients are 
endothelial cells, adventitial, and smooth muscle cells of blood vessels, as these cells contain NADPH oxidase, 
an important enzyme that catalyzes superoxide ions synthesis (Touyz, 2004; Madamanchi, 2004). In the 
hypertensive state there is an increase in the activity of NADPH oxidase, resulting in increased superoxide ions 
and a decrease in NO bioavailability which in turn will aggravate hypertension, accompanied by increased 
oxidative stress (Touyz, 2004). 
Antioxidants or antihypertensive drugs that have beneficial antioxidative properties may be expected to 
prevent complications in patients with hypertension (Edwards et al.,, 2007; Cavanagh et al., 2010). Aqueous 
extract of purple sweet potato tuber has been shown to contain relatively high amount of anthocyanins (Suprapta 
, 2004), and as an antioxidant in experimental animals (Jawi et al., 2008; Jawi and Budiasa, 2011) to cope with 
oxidative stress. The results of this study are consistent with other studies on hypertensive rats in which the 
administration of aqueous extract of purple sweet potato tuber lowers blood pressure and improves eNOS 
expression in hypertensive rats induced by NaCl (Jawi et al., 2012). This study is also consistent with studies 
which show that intake of foods rich in flavonoids/anthocyanins for 14 years can prevent the occurrence of 
hypertension up to 8 % in both men and women (Cassidy, 2012). Other studies have also proved that flavonoids 
can lower blood pressure as much as 5.88 mmHg and 3.50 mmHg, for systolic and diastolic blood pressure level 
respectively (Hooper et al., 2008). This result is also parallel with another study showing that red wine 
polyphenolic compounds (RWPCs ), a flavonoid, is able to induce relaxation of blood vessels through increased 
NO, as a result of an increase in eNOS activity by various mechanisms. RWPCs can also increase the release of 
prostacyclin, and inhibit synthesis and decrease the effect of endothelin-1, resulting in relaxation of blood vessels 
(Han, 2007). Various types of anthocyanins from plants have been shown to lower blood pressure by various 
mechanisms. Cyanidin-3-glucoside, a typical anthocyanin pigment, increase the expression of eNOS in arterial 
endothelial cells in vitro (Xu, 2004). Provision of anthocyanin-rich foods such as purple corn, can lower blood 
pressure and pulse rate compared with controls, therefore anthocyanin can lower blood pressure in experimental 
animals (Shindo, 2007). Blood pressure-lowering effects due to administration of anthocyanin or foods with a 
high content of anthocyanin is established through antioxidative properties of anthocyanins, because ROS plays 
an important role in causing impaired endothelial function. Anthocyanins from chokeberry, bilberry, and 
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eldeberry had been shown to maintain endothelial function properly after being exposed to ROS in vitro (Bell, 
2006). Research on the role of NO on blood vessels relaxation resulting in decreased blood pressure due to NO 
has been widely studied. Oxidative stress can reduce vascular relaxation response due to decreased NO 
bioavailability. Giving antioxidants is very useful in this regard, especially antioxidants derived from plants such 
as anthocyanin (Mann , 2007). Thus the use of purple sweet potato tubers in the future is promising for the 
prevention or treatment of hypertension through its antioxidative properties. 
Blood levels of SOD and MDA 
The results prove that the aqueous extract of purple sweet potato tuber can lower blood MDA and 
increase blood SOD level significantly in hypertensive patients (p < 0.05). Thus, the aqueous extract of purple 
sweet potato tuber can prevent oxidative stress in hypertensive patients. Oxidative stress in patients with 
hypertension is caused by increased activity of the enzyme NAD(P)H oxidase, resulting in increased production 
of superoxide ions. Increased superoxide ions will decrease NO bioavailability that subsequently aggravate 
oxidative stress on hypertension (Touyz, 2004). 
The content of anthocyanins in aqueous extract of purple sweet potato is quite high, and can be 
attributed to its effect in reducing oxidative stress, indicated by lower blood MDA level in hypertensive patients. 
Mechanisms and site of actions of flavonoids are highly variable. Antioxidative effect of quercetin, a flavonoid, 
has been shown in in vitro studies. It prevents oxidative stress through increased Nrf2 transcription factor, 
thereby increasing the expression of HO-1 protein (Maher and Hanneken, 2005). The role of flavonoid in 
increasing endogenous antioxidant depends on the type of flavonoid per se. Some flavonoids or anthocyanins are 
able to turn extracellular signal-regulated protein kinase (ERK), c-jun N-terminal kinase ( JNK ) or p38, which in 
turn will increase the Nrf2 taken into the nucleus and binds to the antioxidant response element (ARE), resulting 
in increased antioxidant gene expression, including genes resulting in increased SOD level (Han, 2007). 
Particularly in vascular endothelium, high amount of ROS will disrupt the function of NO in regulating 
the function of blood vessel relaxation (Xu, 2004; Mann, 2007). The provision of flavonoids-containing food, 
such as aqueous extract of purple sweet potato tuber, may decrease oxidative stress. The flavonoids contained in 
purple sweet potato tuber are able to retain NO as a potent vasodilator, prevent the increase in blood pressure, 
and decrease blood MDA level. 
 
5. Conclusion 
From the results of the study, it can be concluded that aqueous extract of purple sweet potato tubers can lower 
blood pressure in elderly hypertensive patient by increasing the SOD level as endogenous antioxidant, thus 
decreasing MDA level in the blood. 
 
6. Acknowledgement 
The authors extend their high appreciation to The Research and Development Unit of Faculty of Medicine, 
Udayana University for providing research grant to support this study in the year 2013. 
 
References 
Bell  D. R, and K. Gochenaur, 2006. Direct vasoactive and vasoprotective properties of  anthocyanin rich 
extracts. J. Appl. Physiol., 100 (4): 1164-1170. 
Cassidy, A., E.J. O’Reilly, C. Kay, L. Sampson,  M. Franz, J.P. Forman,  G. Curhan and  E.B. Rimm, 2012. 
Habitual intake of flavonoid subclasses and incident hypertension in adults. Am. J. Clin. Nutr., 93: 
338-347 
Cavanagh, E.M.V.D., L.F. Ferder, M.D. Ferder, I.Y. Stella, J.E. Toblli and F. Inserra,  2010. Vascular Structure 
and Oxidative Stress in Salt-Loaded Spontaneously Hypertensive Rats: Effects of Losartan and 
Atenolol. Am. J. Hypertens., 12: 1318-1325. 
Edwards, R.L., T. Lyon, S.E. Litwin, A. Rabovsky, J.D. Symons, and T. Jalili, 2007. Quercetin Reduces Blood 
Pressure in Hypertensive Subjects. J.Nutr., 137(11):2405-2411. 
Engler,  M. B., M.M. Engler and C.Y. Chen, 2004. Flavonoid-Rich Dark Chocolate Improves Endothelial 
Function and Increases Plasma Epicatechin Concentrations in Healthy Adults. Journal of  The 
American College of  Nutrition, 23 ( 3) 197-204. 
Erdmanm, J. W.,  D. Balentine, L. Arab, G. Beecher, J.T. Dwyer, J. Folts,  2007. Flavonoids and Heart Health. J. 
Ntr 137, 718-723. Release. Circulation, 103: 2792-2798. 
Garcia-Alonso, M., A.M. Minihane, G. Rimbach, J.C.Rivas-Gonzalo, S. de Pascual-Teresa, 2009. Red wine 
anthocyanins are rapidly absorbed in humans and affect monocyte chemoattractant protein 1 levels and 
antioxidant capacity of plasma. J. Nutr. Biochem., 20(7):521-9. 
Han, X., T. Shen,  and H. Lou, 2007. Dietary polyphenol and Their Biological significance. Int.J.Mol.Sci., 8: 
950-988. 
Hooper, L.,  P.A. Kroon, E.B. Rimm,  J.S. Cohn, I. Harvey, K.A. Le Cornu, J.J. Ryder, W.L. Hall, and  A. 
Journal of Biology, Agriculture and Healthcare                                                                                                                                www.iiste.org 
ISSN 2224-3208 (Paper)  ISSN 2225-093X (Online) 
Vol.4, No.21, 2014 
 
64 
Cassidy, 2008.  Flavonoids, flavonoid-rich foods, and cardiovascular risk: a meta-analysis of 
randomized controlled trials Am. J. Clin. Nutr.,  88: 38-50 
Jawi,  I M., D.N. Suprapta, S.U. Dwi, I. Wiwiek, 2008.  Purple sweet potato reduces MDA level in the blood and 
liver of rats after maximum physical activities.  Jurnal Veteriner  Jurnal Kedokteran Hewan Indonesia,  
9(2):65-72 (in Indonesian language). 
Jawi, I M. and  Budiasa K, 2011. Water extract of purple sweet potato reduces the total cholesterol and increases 
total antioxidant in the blood of rabbit. Journal Veteriner, Jurnal Kedokteran Hewan Indonesia, 12 (2); 
120-125 (in Indonesian language). 
Jawi, I M., I W.P. Sutirta-Yasa, D.N. Suprapta, and A.N. Mahendra, 2012. Antihypertensive effect and eNOS 
expressions in nacl-induced hypertensive rats treated with purple sweet potato. Universal Journal of 
Medicine and Dentistry, 1(9):102-107. 
Jiao, Y., Y. Jiang, W., Zhai, and Z. Yang, 2012. Studies on antioxidant capacity of anthocyanin extract from 
purple sweet potato (Ipomoea batatas L). African Journal of Biotechnology, 11(27):7046-7054. 
Kano, M., T. Takayanagi, K.  Harada, K. Makino, and F. Ishikawa,  2005. Antioxidative Activity of 
Anthocyanins from Purple Sweet Potato, Ipomoea batatas Cultivar Ayamurasaki. Biosci. Biotechnol. 
Biochem.,69(5):979-988. 
Knekt,  P., J. Kumpulainen, R. Jarvinen, H. Rissanen, M. Heliovaara, A. Reunanen, T. Hakulinen, A. Aromaa, 
2002. Flavonoid intake and risk of chronic diseases. Am. J. Clin. Nutr.,  76 (53): 560-568. 
Lachman, J., K. Hamouz, M. Sulc., M. Orsak, V. Pivec, A. Hejtmankova, P. Dvorak, J. Cepl, 2009. Cultivar 
differences of total anthocyanins and anthocyanidins in red and purple-fleshed potatoes and their 
relation to antioxidant activity. Food Chemistry, 144:836-843. 
Lila,  M. A., 2004. Anthocyanins and Human  Health: An In Vitro Investigative Approach. Journal of 
Biomedicine and Biotechnolology, 5: 306-313 
Madamanchi, N.R., A.Vendrov, M.S. Runge, 2004. Oxidative Stress and Vascular Disease. Arterioscler.  Throm. 
Vasc. Biol., 25(1): 29-38. 
Maher, P., and A. Hanneken, 2005. Flavonoids Protect Retinal  Ganglion Cells from Oxidative Stress-Induced 
Death. Investigative Ophthalmology and Visual Science, 46:4796-4803. 
Mann, G. E., D.J. Rowlands, F.Y.L. Li,  P. Winter, R.C.M. Siow, 2007.Activation of endothelial nitric oxide 
synthase by dietary isoflavones: Role of NO in Nrf2-mediated antioxidant gene expression. 
Cardiovascular Research, 75:261-274. 
Middleton, E., C. Jr. Kandaswami, and T.C. Theoharides, 2000. The Effects of Plant Flavonoids on Mammalian  
Cells:Implications for Inflammation, Heart Disease, and Cancer. Pharmacol. Rev., 52:673-751. 
Padda, M.S., 2006. “Phenolic Composition and Antioxidant Activity of sweetpotatoes ( Ipomoea batatas, L)”. (A 
Dissertation). Submitted to the Graduate Faculty of the louisiana State University and Agricultural and 
Mechanical College in partial fulfillment of the requirement for the degree of Doctor of Philosophy in 
The Department of Horticulture. 
 Shindo M,  T. Kasai,  A. Abe, and Y. Kondo, 2007. Effects Dietary Administration of Plant-Derived 
Anthocyanin-Rich Colors to Spontaneously Hypertensive Rats. J. Nutr. Sci. Vitaminol., 53: 90-93. 
Steiner, C., W.H.M. Peters, E.P. Gallagher, P. Magee, I. Rowland,  and  B.L. Pool-Zobel, 2007. Genistein 
protects human mammary epithelial cells from benzo(a)pyrene-7,8-dihydrodiol-9,10-epoxide and 4-
hydroxy-2-nonenal genotoxicity by modulating the glutathione/glutathione S-transferase system. 
Carcinogenesis,  28(3):738-748. 
Suprapta, D.N., M.Antara, N.Arya, M.Sudana, A.S.Duniaji and M.Sudarma, 2004. Study on the seedling 
preparation, cultural practices and utilization of root crops as alternative food sources. Research 
Report. Bali Provincial Development Planning Agency and Faculty of Agriculture Udayana 
University, Denpasar Bali (in Indonesian language).  
Touyz, R.M., 2004. Reactive Oxygen Species, Vascular Oxidative Stress, and Redox Signaling in Hypertension, 
What Is the Clinical Significance? Hypertension, 44:248-252. 
Wallace, T.C., 2011.  Anthocyanins in  Cardiovascular  Disease. Adv.  Nutr.,   2: 1-7. 
Xu, J. W., K. Ikeda, and Y. Yamori, 2004. Upregulation of Endothelial Nitric Oxide  Synthase by Cyanidin-3-
Glucoside, a Typical Anthocyanin Pigment. Hypertension, 44: 217-222. 
 
